The liberalisation of the Norwegian power market has resulted in a massive increase of the information flow between different participants in the power market, and an automatic exchange of information is necessary to enable a rational and quality assured communication.
The deregulation of the Norwegian power market in 1991 caused a considerable restructuring of the Norwegian electricity supply and new ways for operating the power market were needed. This restructuring of the market resulted in an increase in the exchange of information as a result of: -Several customers who change suppliers -Requirement of hourly metering of customers with a yearly consumption larger than 400 MWh -Periodical metering (at least four times a year) of household customers with a yearly consumption larger than 8000 kWh.
In Norway the network operator is an important part for this information exchange. The network operator is responsible for collecting and quality assurance of metering data from each customer located in the area where the network operator has concession. The network operator is also responsible for weekly transmission of settlement data to the different suppliers in his network as well as to the system operator.
The paper is based on results from the research project "Information and Communication Systems for Electricity Utilities" at SINTEF Energy Research in Norway. The objective of the subproject "Rational information handling in the power market" is to contribute to an automatic and efficient handling of metering and settlement information between different power market actors.
Standardisation of internal exchange of information at the network operator will contribute to this process of rationalisation.
Standard format for structuring the data and automatic exchange of information can reduce the need for manual transfer of information, and it will also make it easier to let program systems from different vendors communicate without doing any adjustments.
The research project has recommended the data model ODEL ver. 2.0 as format for in-house communication.
ODEL is an abbreviation of Object oriented Data model for ELectricity supply and is a further development from the data model GS2 ver. 1.2, published in 1995. GS2 ver. 1.2 is today in use in both Norway and Sweden. ODEL is an object oriented data model for handling metering and settlement information.
The paper describes the development of the object model ODEL and how the data model can be implemented to rationalise the exchange of information between the program systems at both the network operators and the suppliers and also towards the end use customers.
To secure a uniform interpretation of the ODEL format there has been developed a test bench in the research project. The test bench controls if files are made with the correct interpretation of the standard. The test bench tests on both syntax and content.
The research project "Information and Communication Systems for Electricity Utilities" will be ended in 2001, so this year the project is also working on further administration of the format as from year 2002. The project is therefore working for establishing a standardisation body for Information and Communication Technology in the power market. Initially this will be a standardisation body for Norway and Sweden, but the aim is to increase the number of participating countries.
The objective of this standardisation body is to work for the standardisation of both external and internal exchange of information and different topics related to this, such as a standardised identification of the location of electrical meters.
The research project has shown that it is difficult to introduce a standard which is not required from the authorities. It is therefore important that actors in the power market, especially the network operators, come to an understanding of a common standard. When the network operators agree and require use of a specified format it is most likely that this format will become a standard for in-house communication.
INTRODUCTION
The liberalisation of the Norwegian power market has resulted in a massive increase of the information flow between different participants in the power market, and an automatic exchange of information is necessary to enable a rational and quality assured communication.
The deregulation has also resulted in strengthened requirements related to efficient and correct information handling to ensure accurate settlements between the participants in the power market. To handle the new tasks and the exchange of information it is required to develop an infrastructure that allows automatic electronic communication both between the actors in the power market and also for in-house communication at the different actors.
Today the network operators in limited degree have systems to handle this amount of information -which results in a lot of manual and time-consuming work.
The lack of a standard format for structuring the information to be exchanged between the different program systems (internal format) is one important reason for this problem.
RESEARCH PROJECT
This paper is based on results from the research project "Information and Communication Systems for Electricity Utilities" at SINTEF Energy Research in Norway. The project started in 1997 and will be ended in 2001.
The objective of the subproject "Rational information handling in the power market" is to contribute to an automatic and efficient handling of metering and settlement information between different power market actors.
EXCHANGE OF INFORMATION IN THE POWER MARKET
In the deregulated power market in Norway several actors are participating in the exchange of metering and settlement information. These actors and existing information format are presented in figure 1 and described further below. 
End-use customers
The end-use customers buy energy for their own consumption. In Norway there are about 2.4 mill. end-use customers.
Network operator
The network operator is the owner of the electrical grid and has concession for the transmission of electrical power in the network. There are about 170 network operators in Norway.
Supplier
The supplier is selling electricity to the end-use customers. The supplier can also be a power producer.
System operator
The system operator is responsible for maintaining the physical (frequency) balance of the power system. The system operator is also responsible for organising the regulating market. In Norway there is one system operator.
FORMAT FOR EXTERNAL EXCHANGE OF INFORMATION IN THE POWER MARKET
The UN/EDIFACT (United Nations rules for Electronic Data Interchange for Administration, Commerce and Transport) standard is a common standard for communication of all kinds of business such as trade, payment systems, insurance, transportation, customs and health.
After requirements from the authorities EDIEL is used as external format for exchange of information between the participants in the Nordic power market. The EDIEL solution is developed for the energy industry and is based on the UN/EDIFACT format. For communication the communication protocol X.400 is most commonly used over X.25 or ISDN data network.
The use of EDIEL in Norway concerning metering and settlement information is presented in figure 1 . It is being used on the interfaces between the network operator and the supplier, between the supplier and the system operator and between the network operator and the system operator.
ANALYSES OF IN-HOUSE COMMUNICATION OF TWO NETWORK OPERATORS IN NORWAY
In the research project "Rational information handling in the power market" the internal exchange of information at two different network operators in Norway has been analysed.
The network operators were selected because of using different Customer Information System (CIS). Prior to the analyses it was assumed that the CIS-system had a great influence on how the in-house communication at the network operator was performed.
As a result of the analyses it was detected that today several formats are being used between different program systems at the network operator. Converting between several formats and quality assurance of the information results in a lot of manual and timeconsuming work.
The network operators did also have multiple storage of information. This resulted in problems when updating the information. As an example the changing of one single meter resulted in manually updating of the meter reference in 7 different systems.
The analyses showed a need for one common format for structuring the information to be exchanged between the different systems and thereby reduce the need for converting between different formats.
ADVANTAGES WITH A STANDARD FORMAT
The amount of information to be exchanged between different participants in the power market is increasing, which results in a lot of work for the different participants to handle the in-house communication. A major challenge for the network operator is therefore to improve and rationalise the systems for information handling and adjust the basis for an automatic exchange of information. A standard format for in-house communication can be an important contribution to this.
Today systems from different vendors are communicating, but in these situations the vendors have made bilateral agreement of how the information should be structured. For some vendors this has resulted in several internal formats, which are very time-consuming to maintain.
Using a standard format could also reduce the cost for the vendors because they do not need to develop, maintain and test their own formats. A standard format should therefore result in less expensive program systems.
When several vendors are using the same format for exchange of information it is easier for the network operators to expand their program systems with new funcionalities. The network operators are not dependent on one single vendor and can build up their program systems with parts from several vendors based on their own needs. A standard format can result in "Plug and play"-solutions for the different network operators when expanding their program systems.
INTERNAL FORMAT
In the work for a standard format, different formats have been evaluated for in-house communication. The following requirements were set to an internal format:
1. Possibility for different ways of communication -File communication.
-Direct communication between program systems through Application Programming Interface (API). -Communication through a common database.
International standard
-Use of an international standard would increase the number of available products and it is an increased probability that the format will be further managed and developed.
3. Object oriented -Vendors participating in the evaluation of different formats required that a common standard for in-house communication should be object oriented. -An object oriented format implies clearly defined interfaces.
4. Reliable information exchange -Reliability implies a guarantee that the information is sent to the right receiver, that the information has not changed during the transmission and that no intruder has the ability to read the information.
Different formats were evaluated for in-house communication. Among these was the external format in the Nordic power market, EDIEL.
This evaluation indicated that EDIEL is not a good solution for direct communication between systems and for communication through a common database. File communication is used when sending information in the EDIEL format. EDIEL is not object oriented and is therefore evaluated as not suited for in-house communication at the network operator and the supplier.
Based on this evaluation it was decided to promote GS2 version 1.2 as a standard format for in-house communication. The GS2 format is developed at SINTEF Energy Research (prev. EFI) and was released in 1995. The GS2-format is today in use in both Norway and Sweden.
GS2 ver. 1.2 is further developed to ODEL ver. 2.0.
It was decided to change the name of the format from GS2 to ODEL -an abbreviation of Object oriented Data model for ELectricity supply.
Reasons for the change of name were: -A further development of the format was needed and the new version would contain more than what was combined with the name GS2. -The name GS2 was often combined with the file format. Because ODEL is a further development of the data model it was favourable with a change of name. -In Norway GS2 was a definition used both on the interfaces for in-house communication and for the data model and file format. This was a situation which has resulted in confusion.
The changes from GS2 ver. 1.2 to ODEL ver. 2.0 are based on different aspects in the process of deregulation in the power market.
ODEL VER. 2.0
The specification of ODEL ver. 2.0 was released in 2000, Saele and Graabak (1).
ODEL is an object oriented data model for metering and settlement information. The format is gradually developed for exchange of other kind of information.
The model does not presuppose a specific protocol for communication or any specific physical media for transmission. The basic idea is to introduce the model from the top, starting with a data model and subsequently combining the model with wellestablished protocols and data networks.
The use of ODEL as standard format for exchange of information between different program systems is illustrated in figure 2 . An ODEL-message is built using different objects in the ODEL-model. The objects in ODEL have several attributes, where some are required and some are optional. These options make ODEL a flexible data model. In each category there are different objects with different attributes. The organisation of the object model is presented in figure 3 .
To the left in the figure the names of the categories are presented. The names of the different objects under each category are presented rightmost in the figure.
For example is "Net-owner" an object in the category Actor (2. category from the top), while "Meter-reading" is an object which contains instant values in the category Metered-value (3. category from the top). 
PROSPECTIVE

MANAGEMENT OF THE FORMAT
CONLUSIONS
Automatic exchange of information between market participants is required in order to achieve efficient and quality assured communication. To achieve this the network operator needs to improve and rationalise the in-house communication, and a standard format for structuring the information is an important contribution to this process of rationalisation.
A standard internal format can give advantages both for the network operators and the system vendors.
Advantages for the vendors are reduced implementation costs because they do not need to develop a format on their own and they are able to use a format, which is already tested. Today systems from several vendors are communicating, but in these cases the vendors have agreed bilateral how the information should be structured. For some vendors this result in several formats to maintain and consequently increased costs.
To secure the future of such a standard it is important that the format is object oriented and that the further management of the format is settled.
The research project has recommended ODEL as a standard format for in-house communication and will in 2001 establish a standardisation body for Information and Communication Technology in the power market, which will perform management of the format in the future.
